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Introduction
This study analyses the informational role of options markets. Although traditionally options are seen as redundant assets, nowadays a recurring topic in financial literature is the role that options markets play in the financial system. Specifically, informed traders might prefer trading in the options market due to the advantages that this market offers in terms of trading costs (Black, 1975; Manaster and Rendleman, 1982) , higher leverage (Back, 1993; Biais and Hillion, 1994) , absence of short sales restrictions, and a greater range of trading strategies by combining positions in options and in the underlying stock. Ultimately, it is the presence of these informed agents in the options market that leads one to hypothesize the improvement of stock market efficiency. For example, as shown in the previous literature, the availability of the options market contributes to overall stock price efficiency in several ways: the stock price adjustment is faster (Jennings and Stark, 1986) , market price reactions to earnings announcements are smaller (Skinner, 1990; Ho, 1993) , and post-announcement drifts are less pronounced (Botosan and Skinner, 1993) in stocks with listed options.
The purpose of our study is to analyse the stock market reaction to the arrival of new information conditional on the availability of options trading, in particular the release of earnings news. The fact that the earnings announcements have a clear impact on the value of a firm 1 makes this an optimal event to analyse whether options markets enhance the informational efficiency of stock markets (Amin and Lee, 1997; Mendenhall and Fehrs, 1999; Donders et al. 2000; Roll et al. 2010; Billings and Jennings, 2011; Johnson and So, 2012; and Hu, 2014, among others) .
The first aim of our study is to test whether the formation of the price in the stock market is more efficient with the existence of listed options and if there is a migration of informed agents in favour of the options market. To this end, we study the stock market behaviour in terms of price formation, trading activity and liquidity around the announcement of quarterly and annual earnings in a sample of companies that present such information at two different times, that is, before and after the options listing. We expect that the response to the earnings 1 One must highlight previous literature (Beaver, 1968; Ball and Brown, 1968; Beaver et al., 1979; Atiase, 1985 Atiase, , 1987 Pope and Inyangete, 1992; Opong, 1995; Elsharkawy and Garrod, 1996; Booth et al., 1997; Gajewski and Quéré, 2001 ; among others, and for the Spanish market: Arcas and Rees, 1999; Sanabria, 2005; and Garcia et al. 2008, 2010) . announcement of prices of optioned stocks is larger and more complete than similar non-optioned stocks because of their higher informational efficiency and also a reduction in the informed trading on the stock market.
Moreover, we analyse the behaviour of the trading activity in the options market around the release of the earnings in order to detect if there is any activity related to the information released. Due to the presence of informed agents, abnormal trading activity on the options market is expected.
Finally, we investigate if informed agents anticipate earnings announcements and take advantage of this knowledge by trading on the options market. For this purpose, we consider the relation between the cumulative abnormal returns prior to the release of the new information and the previous trading activity on the options market. We expect that options traders execute orders in the right direction for the upcoming earnings surprise.
The results of the analysis of the stock markets show that the impact on prices is significantly bigger when there are options listed. Additionally, the trading activity shows that the number of orders is significantly larger and the average size of the transactions shows a significant decrease. In light of these results, we can hold that there is an increase in the trading activity of uninformed agents. With respect to the options market, the results show significant abnormal trading activity whose sign depends on the analysed variable and the degree of moneyness. Finally, we observe that in those announcements where the impact is the greatest, there is more trading in options prior to an earnings release, which is reflected in a greater number of open positions. Our results suggest that there are informed agents that trade actively in the options markets in anticipation of earnings news, mainly when the earnings surprise is good. This behaviour improves the efficiency of the market.
To the best of our knowledge, the first look at trading activity on the Spanish options market around the release of economic news is Blasco et al. (2010) , who analyse the relationship between informed trading volume in the options market and variations in underlying index prices around the arrival of economic news. We expand this evidence for the Spanish market using firm specific news, earnings announcements, stock options and two additional measures of informed trading. 2 Moreover, we contribute to the literature in different ways. Firstly, our study analyses the relevance of accounting information in the options market in order to determine whether thin markets, such as the Spanish options market, play a similar role to that observed in other markets with higher trading activity. Secondly, we contribute by considering the behaviour of the open interest in options markets before earnings announcements from the point of view of informed trading. Although trading volume in the options market may be informative about the price discovery process in financial markets, volume by itself does not give any indication of the direction of the transactions. In this regard, changes in open interest may provide additional evidence with respect to the informational role of options. Finally, we control for stock volume with the relative trading activity in options and stock markets, measures developed by Roll et al. (2010) . As well, we bring new evidence employing panel data 2 A preliminary version of this paper was presented at the XXVII AEDEM Annual Meeting, Huelva 2013. methodology focused on the Spanish market. The panel data model provides estimators that are more efficient than linear regression models and allow one to control for individual unobserved heterogeneity (one of the major problems in non-experimental research).
The remainder of the paper is organized as follows. Section 2 provides the background motivation and a literature review and sets forth the tested hypotheses. In section 3 we describe our data sets. The methodology and results for the analysis of the stock market reaction to earnings news conditioned on the availability of options markets are detailed in section 4. Section 5 presents the results of the regression analysis of the determinants of options trading variables. Section 6 analyses the relation of options trading variables to cumulative abnormal returns. Section 7 concludes.
Hypotheses and previous literature
In general, if the markets are incomplete, one supported hypothesis is that the options market improves equity market efficiency (Black, 1975; Mayhew et al., 1995) . The arguments in favour of this hypothesis are based on, firstly, a higher level of information around stocks with options and, secondly, that certain characteristics of the options market make it more attractive to informed traders (lower transaction costs, absence of short sales restrictions, and greater financial leverage). The above-mentioned hypothesis would not be supported if the markets were complete because in that case options are redundant securities (Black and Scholes, 1973; Merton, 1973) .
The role of the options market in the underlying stock price discovery has received considerable attention in previous studies. Specifically, the effect of the options market on stock market efficiency around earnings announcements has been extensively studied. The main findings are consistent with a significantly different price discovery between non-optioned and optioned stocks, with a key finding being that the options market increases the informational efficiency of the stock market motivated by informed trading.
In this regard, Jennings and Starks (1986) study the effects of options trading on the behaviour of underlying stock prices around earnings releases. The authors find that the non-optioned firms require substantially more time to adjust the price to the new information than optioned ones. Furthermore, Mendenhall and Fehrs (1999) measure the impact of options listing on the magnitude of the absolute stock price movement at the time of earnings announcements. They argue that options trading increases the speed of price adjustment to earnings before the release. Their results indicate a larger and more complete earnings announcement response for optioned firms as a result of informed traders.
The idea that informed traders prefer to trade in options markets is also supported by Skinner (1990) who studies the stock price response to earnings when the stock is listed in the options market. He finds that market price reactions to earnings announcements are smaller after options listing. The same result is obtained by Ho (1993) , who finds a smaller earnings response for optioned firms on the announcement date because stock prices of optioned firms anticipate earnings information. Similar results are obtained by Botosan and Skinner (1993) who conclude that the post earnings announcement price drift is lower for optioned firms.
On the other hand, several studies have investigated the impact of stock options listings on several aspects of the market quality of the underlying stocks. Kumar et al. (1998) suggest that options listings improve the market quality of the underlying stocks. They observe an improvement in the liquidity -a decrease in the spread and an increase in the quoted depth-, and an increase in trading volume, trading frequency and transaction size after options listing. Fedenia and Grammatikos (1992) study the effect of options listing on the bid-ask spread of the underlying stocks and they report that the bid-ask spread declines for highly liquid stocks, but increases for illiquid stocks.
Earnings announcements convey relevant price information and their timing is largely predictable. This fact can motivate informed traders to trade on private information and take advantage of it. Under the hypothesis that informed traders prefer to trade in the options market for the advantages that this market offers, and in light of previous literature, we consider the follow hypotheses:
H1. After options listing, a larger proportion of the total stock price adjustment associated with earnings release takes place before the announcement. H2. We expect a substitution effect in informed trading activity in favour of the options market. H3. We expect an improvement in stock market liquidity because of the new allocation of information in the financial markets after options listing.
The improvement in stock market efficiency as a result of the presence of options means, as noted above, that informed traders take positions in options markets ahead of the release of the information about corporate events, and that there is more information circulating in optioned firms. If the reason for the improvement in efficiency is the presence of informed agents taking advantage of their information, we expect an abnormal volume reaction to these information releases in the options market.
In this regard, some empirical studies have sought to explain the interaction of the options market and equity returns surrounding public events. Cao et al. (2005) relate option volume to returns of underlying stocks and show evidence of informed traders in the options market around takeover announcements. Arnold et al. (2006) find abnormal trading activity in the options market around tender offer announcements, and this abnormal trading volume precedes abnormal stock volume. In addition, Amin and Lee (1997) , looking at earnings announcements, find that options traders initiate a greater proportion of long (short) positions immediately before good (bad) earnings news. Mendenhall and Fehrs (1999) find that options trading allows for increases in the speed of adjustment of prices to earnings. Roll et al. (2010) consider the relative trading volume in options and stocks and find that it is higher around earnings announcements, suggesting increased trading in the options markets. Moreover, they observe that part of the options trading prior to the release is informed. Truong et al. (2012) conclude that the options market absorbs the information conveyed by the earnings announcement and that this news has a profound impact on option value. For the Spanish market, Blasco et al. (2010) analyse the price impact on the underlying stock index of informed trading in the options market in the presence of eco-nomic news, concluding that potential informed trading is channelled through out-of-the-money options.
Many papers analyse both options and equity trading volume as determinants of equity prices. Schachter (1988) documents a significant decline in options open interest prior to quarterly earnings announcements. Specifically, this effect is most pronounced in those options with a short time to maturity and more sensitivity to volatility. On the contrary, Donders et al. (2000) find an increase in the open interest during the days before the earnings announcements. After the news dissemination, traders cancel part of their options position, thereby reducing open interest to normal levels.
Moreover, previous literature suggests that informed trading depends on the degree of option moneyness, that is, at the money (ATM), in the money (ITM) or out of the money (OTM). Chakravarty et al. (2004) and Chen et al. (2005) , among others, argue that this is an important issue because options with different degrees of moneyness have different levels of liquidity and different degrees of leverage. Theory suggests that informed agents would prefer OTM options due to their greater leverage, while investor trading on volatility will tend to concentrate on ATM options, as they provide camouflage for their intensions, while commissions tend to be lowest for ITM options.
The relative importance of these factors is an empirical question that has not yet been resolved. Blasco et al. (2010) for the Spanish market find that informed investors trade in OTM and ATM options. Meanwhile, Truong et al. (2012) and Billings and Jennings (2011) argue that ATM options will attract the most trading interest due to their high sensitivity to changes in implied volatility. Other authors such as De Jong et al. (2006) argue that informed agents use ITM options to increase their trading profits because they are more sensitive to underlying equity price changes than other options.
In the light of this literature, we formulate the following hypothesis:
H4. Trading activity in options markets experiences abnormal variations before and on the day of the publication of the earnings announcements.
Following previous studies, we will contrast this hypothesis by considering the relationship between the option's strike price and the underlying stock's closing price to check whether informed trading exists and, if so, where it is found. Thus we will split options trading volume into ATM, OTM and ITM options and make the analysis for each of the three groups.
Finally, as suggested by Roll et al. (2010) , if the options trading activity around the earnings release is because of informed agents, we should find a relationship between trading activity in the options market and post-announcements returns, indicating whether informed options traders are acting in the right direction.
H5. We expect a negative (positive) and significant relation between options trading activity and the post-announcements returns when the earnings release has a negative (positive) impact on prices.
Sample description
We intend to study the price formation process around the quarterly and annual earnings announcements released by those Spanish firms listed on the Spanish electronic stock market (hereinafter SIBE) that have optioned stocks.
The contracts on stocks in the Spanish options market are on the largest and most liquid companies of the Spanish stock market. These aspects are of great importance when studying the price formation process around the arrival of new information since these companies are the most informative for investors. Appendix 1 exhibits the firms with Spanish stock options listed and the number of contracts listed and traded for the period of study.
Since its inception in 1993, the number of stocks on which options are traded in the Spanish Futures and Options Exchange (MEFF) has increased from four in 1993 (BBVA, Endesa, Repsol y Telefónica) to the 42 that are currently listed. Table 1 shows some characteristics of the Spanish stock options market for the sample period. Obviously, the growth in the number of contracts outstanding each year has been progressive, although this trend is not observed in the number of contracts that were traded at least one day. These features, together with the behaviour observed in the trading volume and the number of days, allow us to state that the Spanish stock options market is thin.
The study extends from January 2004 to May 2012 and we have used the data described below.
· We have daily stock market data for all the firms that have optioned stocks.
This data set has been obtained from Sociedad de Bolsas. Specifically, this data set includes closing prices, dividends, capital increases and changes in nominal value, the number of shares listed, the number of transactions and volume (number of shares) traded and the daily average spread. The data set includes the closing prices from the Madrid Stock Exchange Index -hereinafter IGBM-for the period analysed. · We have obtained from the Bank of Spain the daily return on Letras del Tesoro (Spanish Treasury Bill) for the same period. · We prepared a database consisting of the date of the announcement of quarterly and annual earnings released by Spanish firms on SIBE for the period from the first quarter 2004 to the last quarter 2011. This data set was obtained from the Spanish Security Exchange Commission (hereinafter CNMV) and by consulting the financial press. · Daily information on stock options is provided by MEFF, the Spanish Financial Futures Market, a subsidiary of Bolsas y Mercados Financieros (BME), the company which runs Spain's securities markets. Specifically, we have used daily data of all contracts traded in this market, expiration date, strike price, the volume traded (number of contracts), delta and implicit volatility.
For an earnings announcement to be included in the final sample, we imposed several conditions:
· We have selected those firms listed in the SIBE for which there are optioned stocks and for which stock market data was available in the period that comprises 50 days before the event day and 5 days after it. · No other contaminating event must exist in the five days on either side of the event day that may affect firm price, such as dividend payments, equity issues or stock splits.
It is well known that financial and non-financial companies behave very differently in several aspects. We have carried out the analysis both with the whole sample (aggregate sample) and the reduced sample after removing the financial companies.
Analysis of the Effect of Options on Stock Markets: Methodology and Results

Objective
The goal of this section is to investigate whether the availability of options trading enhances the price efficiency of equity markets around the release of quarterly and annual earnings announcements.
Sample, data and methodology
As the study is limited to the available data detailed above, the period extends from the first quarter of 2004 to the fourth quarter of 2011. Moreover, given the difficulty in finding companies with traded options with similar characteristics in terms of size and liquidity, we have decided to compare the price formation process around the dissemination of new information for the same companies in periods with and without traded options. For this reason, the announcements included in this first analysis have been those made by firms whose stocks were optioned during the study period and for which we have information for the two years prior to its incorporation into the options market. Table 2 reports some characteristics of sample firms before and after options listing, specifically price, liquidity and trading volume. To analyse whether the results are significantly different before and after options listing, we applied a two-paired samples test for equal means. The comparison of the reported data indicates that firms' characteristics do not change significantly after options listing. So, the above-mentioned requirements allow us to have a homogeneous sample in terms of size, liquidity and number of announcements for the period with no options listed and with them. The only downside is that the size of our sample is considerably reduced. Specifically, fifteen companies meet the requirements and the number of earnings announcements included in the sample was 144 that is, 77 prior to the issuing of stock options and 77 after this date.
We employ conventional event study methodology in order to compute abnormal returns (AR). We define the event day (t 0 ) as the date of the announcement. The event window is defined to be an eleven-day window centred on the day of the announcement (t 0 -5, t 0 +5), and the estimation window ('uncontaminated' interval) is defined to be a 40-day window (t 0 -50, t 0 -11). The estimation period has been chosen in order to have the maximum number of observations while avoiding overlap with the estimation window of previous quarterly events from the same company. Additionally, this length guarantees that the estimation period for the sample with options listed stays within the post-listing period. Finally, in order to guarantee that this benchmark period is not affected by the studied event, we exclude the five trading days prior to the first day of the event window. Furthermore, we study the trading activity from daily observations of trading volume in number of shares, number of orders and the average size of the transaction measured as volume in number of shares by number of orders, and the liquidity from the daily relative average spread and daily weighted average spread.
To achieve this purpose, we have defined the time series of daily return (R it ) of the assets as reflected in the expression [1]:
where P it is the closing price of asset i at t, D it is the dividend or the value of the subscriptions rights, if any, of asset i at t, and P it-1 is the closing price of asset i at t-1. All variables were adjusted for changes in the asset's nominal value. We estimate the expected returns following the four-factor model developed by Carhart (1997) 
where R it is the simple daily return of the asset i on day t, R ft is the daily return on Letras del Tesoro (Spanish Treasury Bill), R mt is the return on a value-weighted market index (specifically the Madrid Stock Exchange Index -IGBM-), SMB t , HML t and PR1YR t are returns on value weighted, zero-investment, factor mimicking portfolios for size, book to market equity, and one year momentum in stock returns, respectively. We have constructed local SMB and HML factors following the methodology proposed by Fama and French (1992, 1993) and Carhart (1997) .
We have calculated the absolute abnormal return |AR it | as the difference in absolute value between the actual return and the estimated expected return. 4 In order to measure the stock price global reaction to the announcement, the results are aggregated to sum their absolute value on each day of the event window. Specifically, we have calculated the sum of absolute abnormal returns (SAAR) surrounding an earnings announcement for the pre-window [-5, - These variables are calculated for the same sample of companies by averaging the values across all earnings announcements before and after options listing. To analyse whether the results are significantly different before and after the options have been listed, we applied a two-paired samples test for equal means. Given the size of our sample, and in order to take into account the possibility of non-normality, we test the significance with a bootstrap methodology for 3 We have also estimated the expected return following the three factors model developed by Fama and French (1993) . The results are robust to the methodology showing, as Fama (1998) affirms, that in the short term the results are robust to the model employed to estimate the expected return. 4 We calculate the absolute value of abnormal returns since the effects of good and bad earnings announcements have not been separated and the empirical evidence shows effects of contrary signs in this variable [García et al. (2008 [García et al. ( , 2010 ]. t-statistic following Wehrens et al. (2000) and we use the Sign and Wilcoxon non-parametric tests. 5
Results
The results in Table 3 show that, in general, the impact on prices is significantly bigger when there are options listed, especially for the previous period. This result partially supports our first hypothesis and it may be argued that the availability of the options market means that certain traders may have foreknowledge of earnings news. However, the results do not show that options listing causes a decline in the stock price response to earnings at the time of the release.
Thus, our results shows that the options market should be an important vehicle for responding to earnings news and that the impact of earnings is greater and more complete after options listing.
We have compared trading activity and liquidity around earnings announcements for the aggregate and reduced sample of companies by averaging the values across all earnings announcements before and after options listing. To analyse whether the results are significantly different between these two samples, we applied a two-paired samples test for equal means. Given the size of our sample, and in order to take into account the possibility of non-normality, we test the significance with a bootstrap methodology and some non-parametric tests.
The results show that the number of orders and the trading volume are, in general, significantly bigger when there are options listed. On the other hand, with respect to the average size of the transaction, which is used in financial literature as a proxy for informed trading (Easley and O'Hara, 1987; and Garcia et al., 2012) , we observe a significant and robust decrease. 6 In the light of the results for trading activity, we can even assume, as in the second hypothesis, the slight presence of informed agents. The reduction in the average size of the transaction indicates that informed traders prefer to take positions in the options market. Assuming that small average trade size is associated with uninformed agents, our results would point to an increase in the trading activity of these agents. In the next sections, we shed further light on these results by analysing the determinants of trading activity in stock options around the release of earnings news.
The results in Table 4 , panel D and E, show that changes in liquidity around earnings announcements are not significant. This evidence does not support the third hypothesis. However, this result is not directly related to liquidity improvements due to options listing.
Our evidence seems to confirm that options market availability appears to be associated with a larger and more completed earnings announcements, as pointed out by Mendenhall and Fehrs (1999) , among others.
Moreover, the evidence about trading activity suggests that informed agents migrate to the options market. We can also observe an increase in small investor 5 For more details on these tests, see Friedman (1937) and Wilcoxon (1945) . 6 Easley and O'Hara (1987) conclude that a larger trade size carries more information since trading on larger quantities allows informed traders to take advantage of their private information, especially for short-term information.
TABLE 3 DIFFERENCE OF DAILY ABSOLUTE ABNORMAL RETURNS (|AR|) AND THE SUM OF ABSOLUTE ABNORMAL RETURNS SURROUNDING AN EARNINGS ANNOUNCEMENT (SAAR) FOR THE SAMPLE OF PERIOD WITH AND WITHOUT OPTIONS
The table exhibits the difference of mean and median daily absolute abnormal returns (|AR|) and the sum of absolute abnormal returns surrounding an earnings announcement (SAAR) for the sample of periods with and without options and the p-value of the different tests. Significantly different from zero at the 1%, 5% and 10% level, respectively.
The critical values for a two-tailed Wilcoxon test 1%, 5% and 10% level with a sample size of 15 are 16, 25 and 30 and for a sample size of 13 are 10, 17 and 21.
trading activity as optioned stocks catch their attention, because the introduction of options trading implies more intensive information collection around earnings announcements. To conclude, the availability of options markets does not reflect improvements in liquidity around earnings announcements.
Reaction of Trading Activity in Stock Options to the Release of Earnings Announcements
Objective
This section examines the trading activity in the stock options market before the release of quarterly and annual earnings announcements (including the announcement period). Trading volume has been used to determine whether an event has informational content and its study applies not only to trades on common stocks but applies equally well to stock options whose prices are determined by the value of the firm. To address this issue, we have analysed the trading volume in the options markets both in absolute terms and, following Roll et al. (2010) , in relative terms related to trading volume in their underlying assets to control for stock volume.
Although trading volume in the options market may be informative about the price discovery process in financial markets, the volume by itself does not indicate the direction of the transaction. In this regard, changes in open interest may provide additional evidence with respect to the informational role of options. Open interest measures the total number of options contracts that are currently open, in other words, contracts that have been traded but not yet liquidated by either an offsetting trade or an exercise or assignment.
Sample, data and methodology
To illustrate how investors react to news events, we take a sample of 514 announcements from the first quarter of 2006 to the last quarter of 2011. In order to maintain the sample homogeneity taking only American options, we have reduced the analysis period from the first analysis because American options began trading in Spain in 2006. Moreover, we restrict our analysis to the options series with a time to maturity between 70 and 10 calendar days during the complete event period and focus our attention on three variables to estimate the trading activity:
· Options trading volume (O) in number of contracts. We calculate the total daily number of contracts traded for each stock by adding the contracts traded across all options listed on the stock. · The options/stocks trading volume ratio (O/S). This is the ratio for a given day between the trading options volume for each firm (calculated by multiplying the total contracts traded in each option by 100 shares and aggregating across all options listed on the stock) and the corresponding trading volume (number of shares) on the stock market of a given firm. · The open interest (OI), measured as the daily variation of the number of contracts that remain open, aggregated across all options listed on the stock.
Besides the information released, there are other factors that may explain part of the surge in trading activity that follows an accounting earnings announcement. Market participants may be trading based on volatility or may have placed hedges ahead of the earnings announcements, which might be unnecessary after the release, leading to additional trading activity. To pick up these effects, we also include other variables for which we have available data, namely implied volatility (V), delta (∆) and firm size (S) , measured as the capitalization of the firm, which could explain the activity in the options market. 7 Table 5 presents summary statistics for the dependent and explanatory variables. A daily cross-sectional mean is computed for each trading day in the sample and then mean, median, standard deviation, maximum and minimum are computed from the daily means across all the trading days in the sample.
The daily means and medians are close, showing that they are not outliers. The O/S indicates that on average the activity in the stock market is bigger than the activity in the options market.
The regression model we propose to explain the behaviour of options market trading activity is presented in the expression [3]: [3] ln TA it
where TA refers to the measures of trading activity above mentioned and D is a dummy variable that takes a value of 1 in the days of the window -5 to 1 with respect to the earnings announcement and 0 otherwise. We try to analyse whether in the five days before an earnings announcement, the announcement day and the day after there is additional informed options trading volume. Clearly, if the earnings announcement has informational content, we expect a positive relationship between trading activity and the dummy variable. Finally, to reduce the influence of possible outliers, we use the natural logarithm of the 7 Implied volatility (V) and delta (∆) have been taken from the information supplied by the Spanish Options Market (MEFF). Following the rule of the previous section, we have estimated the models using both the full sample of announcements (denoted aggregate sample) and the existing sample after removing all the announcements referring to financial companies (reduced sample). Table 6 shows the average correlations of explanatory and dependent variables employed in the regression model. Correlations are computed for each trading day in the sample among all dependent variables. The correlations are then averaged across all trading days in the sample. The correlations between the independent variables and the explanatory variables show modest values. The independent variable with the highest correlation with the dependent variables is the size of the firm. With respect to the correlation between the dependent variables, the values are low.
In addition to using all the options contracts available every day, we also study separately OTM, ATM and ITM options. As Easley et al. (1998) , Chakravarty et al. (2004) and Chen et al. (2005) among others, point out, the options with different degrees of moneyness have different characteristics that attract different agents. So we can consider that informed traders would prefer to trade OTM options since they are cheaper and have a higher degree of leverage (Roll et al., 2010) . Investors trading on volatility would prefer ATM options because the spread tends to be lower and they offer high liquidity (Billings and Jennings, 2011) We compute an option's moneyness by comparing the option's strike price to the underlying asset price. Specifically, we calculate the price ratio for options as the strike price divided by the underlying asset price. We define ATM options as when the price ratio falls between 0.925 and 1.075, ITM options as when the price ratio is lower than 0.925 for call options and greater than 1.075 for put options, and OTM options as when the price ratio is greater than 1.075 for call options or lower than 0.925 for put options. The ratio values were chosen according to the existing literature Billings and Jennings, 2011) The availability of information allows for the use of the double temporal and cross-sectional dimension of the sample through an econometric model of panel data. This provides us, compared to just cross-sectional databases, with a more informative dataset (with more variability, less collinearity and more degrees of freedom) that permits us to attain more efficient estimates in an econometric linear regression model and to control for individual unobserved heterogeneity (one of the major problems in non-experimental research). We use an unbalanced panel data set with the daily data from 33 firms and 514 earnings announcements from the first quarter of 2006 to the last quarter of 2011. Table 7 shows the coefficients obtained after applying the best estimate procedure. To this end, a Breusch-Pagan test was applied which showed that the ordinary least square estimation was not the appropriate model and, after that, a Hausman test was carried out to determine which model, the fixed or random effects, was more appropriate. 8 The result for the variable object of our interest, the dummy variable, is positive and highly significant in the options trading volume and options/stock volume ratio regression. Moreover, this behaviour is repeated, except for ITM options in the relative measure. This implies an increase in options trading activity in the analysis period. Agents trade in the options market in anticipation of the earnings announcement to profit from their knowledge of the unanticipated earnings surprise. These results are in line with previous literature (Philbrick and Stephan, 1993; Roll et al., 2010 , among others) and confirm our hypothesis that, with the arrival of new information, investors trade in the options market. Additionally, the reaction in the options market is larger than in the stock market for OTM and ATM options.
Results
Of special interest for our study is the open interest variable. The results show, as in Schachter (1988) , a significant decrease for the full sample. Considering the degree of moneyness, this result is only supported for ITM options. However, for ATM and OTM options the results show a significant increase, as in Amin and Lee (1997) and Donders et al. (2000) . This result indicates that trading in the options market in the days prior to the earnings announcement is an offsetting trade in ITM options, and that it is in ATM and OTM options where investors decide to trade to take advantage of their information by opening new contracts. For the reduced sample, this result is observed only for ATM options. 8 The results in Table 7 show that panel data works more appropriate than pooled OLS. Specifically, the fixed effects model is the best model. The model regressions are the following:
where: TA it refers to measures of trading activity, D it is a dummy variable that reflects the earnings date and takes a value of 1 on trading dates -5 to +1 relative to the announcement day and 0 otherwise, V it is the intrinsic volatility, ∆ it is the delta, and S it is the size of the firm i, measured as the capitalization on day t.
The results are presented for all the options contracts and separately for out of the money (OTM), at the money (ATM) and in the money (ITM) options contracts.
Ln ( The command vce(cluster name) in STATA, which specifies that the standard errors allow for intragroup correlation, relaxing the usual requirement that the observations be independent, has been used. As our results confirm that investors consider the options market as an alternative place to make their investments, this section assesses whether the increase in trading activity before earnings announcements is due to increased trading in options by informed agents attempting to profit from their views about the unanticipated earnings surprise.
Sample, data and methodology
To address this issue we relate the value of post-CAR, calculated as the cumulative abnormal return on days zero through five after the announcement day, with the trading activity variables defined in the previous section.
In the light of the previous results and following Roll et al. (2010) , the relation could depend on the size of the pre-CAR because the activity of informed traders before the announcement could anticipate the incorporation of new information. Thus, larger pre-CAR would imply less informative post-CAR. To pick up this effect we include pre-CAR, defined as the cumulative abnormal return from five to two days before the announcement date, as an explanatory variable.
Previous empirical literature (Atiase, 1985 (Atiase, , 1987 Pope and Inyangete, 1992; García, et al., 2012, among others) shows that the level of previous information depends on the firm size, so for this reason we include firm size as an explanatory variable.
Since earnings surprise can be either good news or bad news and since options volume is unavailable, we examine absolute pre-and post-CAR in 514 earnings announcements j by all firms i with listed options from the first quarter of 2006 to the last quarter of 2011.
The regression has the following form:
[6] Abs CAR 0,5
The model relates the absolute value of the post-CAR to the options trading activity variables (TA), that is, options trading volume, the options/stock volume ratio or the open interest, all of them averaged over the pre-announcement window (days -5 to -2) and with the absolute value of pre-CAR and with size (S) measured as the market capitalization averaged over the pre-announcement window. 9 As in the previous sections, we have estimated the models using both the aggregate sample and the reduced one.
Results
The results, presented in Table 8 , show that options trading volume and open interest are positive and significant in the preannouncement period and that the options/stock trading volume ratio is not significant in the same period. This indicates that in those announcements where the impact is greater, there has been more trading in options prior to an earnings release, which is reflected in a greater number of open positions. For the reduced sample, only open interest is significant. This result confirms the significance of this variable as a proxy for the trading activity in the options market.
The results support the notion that some of the agents that trade actively in the options markets prior to an earnings announcement are informed.
Firm size has a negative and significant impact on prices, indicating, as expected, that the impact of the announcement is bigger on small firms for which there is less public information before the release and it is more difficult to anticipate the new information.
The pre-CAR variable is positive and significant indicating that more impact on prices before the earnings announcement is associated with more impact on prices after the release. This result is not as expected and could be affected by the fact that the returns are in absolute terms regardless of the direction of the prices.
To address this issue, we also run regressions through the aggregated and reduced sample of signed post-CAR on volume variables for two separate cases, one for 232 (175) announcements with positive post-CAR (good news) and one for 282 (228) with negative post-CAR (bad news). Moreover, to consider if this relation is affected by the impact of the earnings announcement on prices, we use the technique of quantile regression of Koenker and Bassett (1978) . 10 
TABLE 8 CUMULATIVE ABNORMAL RETURN ON OPTIONS TRADING ACTIVITY
The table relates the absolute value of the post-CAR (from zero to five days after the earnings announcement) to the options trading activity (TA) variables (options volume, options/stock volume ratio and open interest) accumulated over the pre-announcement windows (days -5 to -2) and with the absolute value of pre-CAR (from five to two days prior to the announcement) and the size of the firm. Heteroskedasticity is accounted for through White robust standard errors. Significantly different from zero at the 1%, 5% and 10% level, respectively (a) The command qreg2 in STATA, which estimates quantile regression and reports standard errors and t-statistics that are asymptotically valid under heteroskedasticity or under heteroskedasticity and intra-cluster correlation, has been used. The results are presented in Table 9 , with respect to the trading activity, we do not observe in bad news the presence of informed agents trading to exploit their informational advantage. This would be in line with the fact that for bad news there is a delay in the incorporation of the full information on prices due to the uncertainty that negative news transmits to the market (Hayn, 1995; Lipe et al., 1998; Acker, 2002; and García et al., 2014) . 11 However, for good news the results support the idea that there are informed agents who take advantage of their knowledge and trade actively in the options markets in anticipation of the impact of the earnings release. Quantile regressions reveal that the impact of the trading activity is related to the impact of the announcement and is only significant for the highest quantile. The results do not show a significant relationship between post-CAR and pre-CAR variables. As expected, the relation of size and the prior impact on prices remains unchanged relative to those in the previous regressions.
Conclusions
The study provides new evidence that may be useful for the analysis of the markets of less developed countries. However, the cost of focusing on the Spanish options market is the small number of firms in the sample.
The aim of this research is to analyse the impact of the dissemination of new information conditional on the availability of the options market specifically in the thin markets. We study the role of the options market both in the price efficiency of the equity market and in the behaviour of informed agents. For this purpose, we consider the announcement of annual and quarterly earnings in the Spanish stock market. These events convey relevant price information and their timing is largely predictable, facts that can motivate informed trading.
The stock market study reveals that the availability of an options market appears to be associated with a larger and more complete earnings announcements response, and that trading options could be more attractive than trading stocks for informed agents, as in other markets with more trading activity.
Evidence found in the options market analysis suggests that trading activity is higher before and on the date of earnings announcements, but it is only in ATM and OTM options where agents open new contracts. The increase of trading activity in ITM options is offsetting trades. This result shows that if there are informed traders profiting from their knowledge advantage, it is in ATM and OTM options.
Furthermore, post-announcements returns are positively related to preannouncement volume and open interest for highly good news, suggesting that part of the options trading activity is motivated by informed agents opening contracts. These results, together with those observed in the stock market for the price discovery process, indicate that the availability of an options market increases price efficiency in the equity market, even if the options market is thin.
However, for bad news we do not observe informed trading in options markets before the release of the earnings, consistent with the previous literature that shows a delay in the incorporation of negative information.
To conclude, our results are consistent with the idea that options provide alternative opportunities for trading on information beyond those provided by stock markets, and they facilitate the price discovery process for the underlying securities regardless of their liquidity.
